The aim of this study was to assess the plasma adrenaline and noradrenaline concentrations as well as whole blood β 2 -adrenoceptor gene (ADRB2) expression in young ice hockey players before and immediately after exercise in relation to performed work. Nineteen Youth National Team ice hockey players were subjected to the maximal incremental cycloergometer exercise. The test was done in the pre-competitive phase of training. Among many parameters the plasma adrenaline and noradrenaline concentrations and ADRB2 gene expression in peripheral blood mononuclear cells (PBMC) were determined before and after exercise. The average performed work was 3261.3 ± 558.3 J · kg -1 and maximal oxygen consumption (VO 2 max) for all players was 53.85 ± 3.91 mL · kg -1 min -1
INTRODUCTION
Catecholamines (adrenaline, noradrenaline) react with several subtypes of α and β adrenoreceptors. Adrenaline has a stronger effect on the β receptors while noradrenaline has a stronger effect on the α receptors. The final effect of both hormones on individual tissues or organs is the result of stimulation of either one or the other type of receptors [11, 19] . Catecholamine secretion is caused by different kinds of physical activity and high psychological stress [26, 33] .
Plasma concentrations of adrenaline and noradrenaline show an exponential increase during progressive exercise and in incremental exercise is emphasized by the close relationships between these hormones [2, 6] . Catecholamines modulate metabolic and cardiocirculatory reactions and adaptations to physical and psychological work [26] . Preliminary studies showed that the nature and extent of metabolic changes evaluated in the players during training and the results achieved by them may be responsible for gene expression [10] . The exercise has an influence on gene expression profile in various tissues including peripheral blood mononuclear 1 ice hockey players performing intense exercise. Therefore, the aim of this work was to assess the effect of the maximal incremental cycloergometer test on the changes of adrenaline and noradrenaline plasma concentrations and ADRB2 gene expression in PBMC in a group of regularly training young ice hockey players who underwent this test in the pre-competitive phase of training.
CATECHOLAMINES AND β2-ADRENOCEPTOR

MATERIALS AND METHODS
Participants
The test group consisted of 19 Youth National Team ice hockey players in the pre-competitive phase of training. Ten of the players were defensemen and 9 forwards. The mean values for the subjects' basal characteristics were as follows: age of the players 17.1 ± 0.5 years, weight 80.0 ± 6.7 kg, height 1.83 ± 0.05 m and BMI 24.4 ± 1.5 kg m -2 . Participants were on a carbohydrate diet.
In 15 players, BMI was normal but in 6 indicated overweight.
Exercise protocol
The players performed physical exercise on a Monark cycloergometer, type 824 E (Sweden). After a five-minute warm-up with a load of 0. 
Blood collection
The blood for full blood count and determination of plasma adrenaline and noradrenaline concentrations as well as ADRB2 and ACTB (β-actin) gene expression in PBMC was collected into coated EDTA tubes before the exercise test and immediately after its completion.
Blood count results (haematocrit, haemoglobin and mean corpuscular volume [MCV] ) allowed evaluation of the proportional change of plasma volume that was caused by exertion. If MCV values did not change after the exercise, the change of plasma volume was evaluated based on the haematocrit value before and after the exercise.
If MCV values were changed, the percentage change of plasma volume was evaluated based on the value of haematocrit and haemoglobin before and after the physical exercise [18] . These volumes decreased by about 6.7%. The changes in plasma volume were taken into account in the determination of hormone concentrations after the exercise.
Catecholamine levels and gene expression
Adrenaline and noradrenaline were extracted from plasma and then their concentrations were determined twice using the radioimmunoassay method. The KIPL 0100 and KIPL 0200 kit by BioSource Europe S.A. was used. The limit of detection in plasma was 7.5 pg·mL -1 and 37.5 pg·mL -1 for adrenaline and noradrenaline, respectively. Intra-assay precision had 4.5 and 4.6 coefficients of variation CV (%) for the adrenaline and noradrenaline concentrations and were 8.9 ± 0.4 ng·mL -1 and 58.0 ± 2.7 ng·mL -1 respectively.
Radioactivity of the obtained complexes was measured using a Wallac Wizard 1470 automatic gamma counter.
Total RNA was extracted from fresh whole blood (collected from players) using the Chomczynski method [5] , and extracts were purified using RNeasy Mini Spin Columns (Qiagen, GmbH, Hilden). 
Statistical methods
Statistical evaluation of the results was carried out using the Micro- . Directly after the physical exercise, the geometric mean of plasma adrenaline concentration increased statistically significantly to 75.65 ± 0.69 pg·mL -1 (P < 0.001). Plasma adrenaline concentration increased about four times (Fig. 1 a) .
Before the exercise, the geometric mean of plasma noradrenaline concentration in the analysed group was 142.00 ± 0.44 pg·mL -1 and in all players it was within the limits of the physiological range and did not exceed 600 pg·mL -1 . Immediately after the exercise (physical exertion), the geometric mean of noradrenaline concentration increased statistically significantly to 3458.01 ± 0.42 pg·mL -1 (P < 0.001), and thus increased up to 24.4 times (Fig. 1 b) .
The geometric mean values of the ADRB2 gene expression before and after the exercise were 28 539 ± 9 and 222 865 ± 3 mRNA copies per 1 µg of total RNA, respectively, and there were statistically significant differences between them (P < 0.004) (Fig. 2a) .
The respective geometric mean values of the ACTB gene expression before and after exercise were 9 787 ± 5 and 51 310 ± 2
FIG. 2. EXPRESSION OF DETERMINED GENES IN ICE HOCKEY PLAYERS BEFORE AND AFTER PHYSICAL EFFORT; (A) ADRB2, (B) ACTB a a b b
mRNA copies per 1 µg of total RNA, respectively, and there were statistically significant differences between them (P < 0.044) (Fig. 2b) .
Correlations between initial logarithmic plasma concentration of noradrenaline and logarithmic ADRB2 gene expression, performed work or VO 2max (Fig. 3 ) were found. The initial level of noradrenaline correlated with the performed work (r = -0.55, P < 0.014) and with VO 2max (r=-0.51, P < 0.03) of the players, which is shown in Figure 3a .
Correlations between initial logarithmic ADRB2 gene expression of the players and performed work and VO 2max (r = 0.48, P < 0.039 and r = 0.46, P < 0.05, respectively) were found (Fig. 3b) .
No correlations were found between the normalized values of ADRB2 or ACTB expression and catecholamine concentrations. However, positive linear correlations between ADRB2 before and after exercise (r = 0.54; P < 0.018) and adrenaline concentrations before and after exercise (r = 0.69, P < 0.001) were found.
DISCUSSION
The present study shows that maximal exercise performance and VO 2max inversely correlated with the initial plasma concentration while the correlations between work performed or VO 2max and the initial ADRB2 expression in PBMC were positive. We found a statistically significant increase in plasma catecholamine concentrations and in levels of β 2 -adrenoceptor expression.
Psychological pressure accompanying the test (for as long as possible to exercise as much as possible under load) activates the adrenergic system and hypothalamic-pituitary-adrenal axis, which is reflected in increased plasma concentrations of catecholamine.
The situation can also cause stress waiting for the test result, as it affects the player's future (whether he will take part in a competition). Physical and mental stress associated with the test could lead to a significant increase in plasma noradrenaline levels. Circulating catecholamines have effects on haemodynamics and metabolism of athletes. They mobilize the energy substrates from sources outside of the muscle, such as adipose tissue and the liver. Adrenergic activation in the direct start-up period are preferred because secreted catecholamines mobilize the body to be active and to exercise.
Probably physical exercise can induce a decrease of ADRB2 and the attenuation of cellular responsiveness to sympathoadrenomedullary activity [14] . The increased number of β 2 -adrenoceptors under the influence of physical activity in our study may indicate the opposite effect, namely, increased sympathoadrenomedullary activity.
Our maximal incremental cycle exercise test caused an increase in adrenaline secretion (Fig. 1a) , probably because of the mental stress and reactivity of the cardiovascular system in those extreme conditions. Noradrenaline is usually secreted together with adrenaline in stress situations and in exercise [9] . The changes of plasma noradrenaline concentrations were so high (Fig. 1b) probably because of the situation of anxiety associated with a performance test.
Results of the exercise test in the group of young ice hockey players were simultaneously the basis for qualifying for the European Championship. Therefore, during the physical exercise test the athletes probably were under mental stress (serum cortisol level increased -data not shown). In response to exercise, catecholamine concentrations are influenced by several factors such as exercise characteristics, training status and gender [33] . The assessment of the changes in catecholamine concentrations resulting from maximum exercise in young ice hockey players confirmed that the increase in plasma noradrenaline concentration (24.4 times) was almost 6 times higher than the increase in adrenaline concentration (4 times), which may indicate a high activity of the sympathetic nervous system.
Bogacz et al. [1] examined hockey players during the period of pre-start preparation and demonstrated that the noradrenaline concentration in a similar group of players increased 2.5 times.
The increases in noradrenaline concentration depend on many factors, not only on diet but also on the type and duration of the exercise, type of sport, and degree of being trained [16, 33] . For example, in two groups of men practising sports and using various diets, Catecholamines and beta-2-adrenoceptor gene expression the mean values of noradrenaline concentration before the exercise were different [8] . Studies indicated that physical exercise significantly increased the noradrenaline level and were more visible in untrained people [26] .
We found a statistically significant negative correlation between initial level of plasma noradrenaline and work done by the players (Fig. 3a) . Lehmann et al. [20] (Fig. 2b) ; thus the results had to be presented as normalized values of number of mRNA copies per microgram of total RNA [27, 28] .
We found that ADRB2 mRNA in whole blood of investigated athletes increases after the maximal incremental test. Fragala and colleagues [12] showed that the ADRB2 expression on monocytes was elevated in anticipation of the exercise protocol, but it decreased on monocytes and granulocytes during the exercise while on lymphocytes it was elevated during the recovery time points. Fuji and colleagues also observed that the number of β-adrenergic receptors in lymphocytes after exercise was much higher than that at rest (p<0.01) [14] , similar to our results of mRNA ADRB2 from PBMC.
In spite of everything, we found that the performed work in the incremental exercise test had an effect on the changes in the ADRB2 level in PBMC of young hockey players and all the above-mentioned parameters can influence it. However, we found the presence of a statistically significant correlation between initial level of ADRB2 mRNA and performed work or VO 2max of the Polish Youth National
Team ice hockey players (Fig. 3b) . We did not obtain a correlation between magnitude of exercise performance and relative mRNA ADRB2. White et al. [29] also observed that maximal exercise oxygen consumption (VO 2max ) showed the highest correlation with beta-adrenergic receptor density (r 2 = 0.61, P < 0.001) in patients with idiopathic cardiomyopathy, who underwent maximal exercise testing.
Richterova and colleagues [24] analysed, among other things, the effect of physical exercise on catecholamine levels and expression of adrenoceptors and the lack of changes in the ADRB2 gene expression in adipose tissue in obese women observed due to training. We found the lack of a correlation between the ADRB2 mRNA level in peripheral blood and plasma adrenaline concentration. Similar results were obtained in groups of trained and untrained men. It was connected with the regulation of ADRB2 mRNA level and the reflection of the chronic effect of training and thus of the chronic change in the concentrations of catecholamines [13] .
CONCLUSIONS
We demonstrated inverse correlations between the initial plasma concentrations of noradrenaline and the performed work or maximal oxygen uptake and positive correlations between ADRB2 gene expression before exercise and performed work or maximal oxygen uptake.
The performed work in this maximal incremental cycle exercise test of the regularly training young ice hockey players depends on the initial levels of noradrenaline and ADRB2 mRNA. Future investigation in this subject will probably contribute to finding a biochemical marker of trained sportsmen.
